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Agenda

•  News	
  from	
  DOE	
  
•  Move	
  and	
  outage	
  schedule	
  and	
  user	
  impact	
  	
  
•  Carver	
  reBrement	
  
•  Cori	
  Phase	
  1	
  	
  
•  Edison	
  	
  
•  NESAP	
  udate	
  
•  Intel	
  Xeon	
  Phi	
  Users	
  Group	
  MeeBng	
  
•  Science	
  Byte	
  
•  NERSC	
  Science	
  Engagements	
  
•  How	
  to	
  submit	
  a	
  successful	
  ERCAP	
  request	
  (Deadline	
  

Sep.	
  21)	
  
•  NERSC	
  is	
  Hiring!	
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News from DOE"
Dave Goodwin, NERSC DOE Program Manager
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2016 ERCAP July 13th Briefing


•  October	
  5th	
  :	
  NERSC	
  provides	
  SC	
  Program	
  Office	
  with	
  	
  
proposals	
  and	
  spreadsheets	
  of	
  individual	
  PI	
  
requests.	
  

•  October	
  6th:	
  	
  ASCR	
  requests	
  SC	
  Program	
  Office	
  
JusBficaBons	
  for	
  Target	
  and	
  Over	
  Target.	
  

•  October	
  23rd:	
  	
  JusBficaBons	
  due	
  to	
  ASCR	
  (12	
  
working	
  days).	
  

•  November	
  13th:	
  	
  SC-­‐1	
  decisions	
  due/sent	
  (14	
  
working	
  days	
  or	
  less).	
  

•  December	
  4th:	
  	
  Individual	
  PI	
  AllocaBons	
  due	
  to	
  
NERSC	
  (14	
  working	
  days	
  or	
  more).	
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2017 ERCAP 


•  SC-­‐1	
  has	
  SC	
  Program	
  Office	
  compete	
  for	
  
Over	
  Target	
  (15%	
  of	
  ERCAP).	
  
•  SC	
  Program	
  Offices’	
  shares	
  of	
  ERCAP	
  
Target	
  (85%	
  of	
  ERCAP)	
  unchanged	
  for	
  
years.	
  
• With	
  Cori,	
  SC-­‐1	
  may	
  modify	
  SC	
  
Program’s	
  shares	
  of	
  ERCAP	
  Target.	
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NERSC-9 (1 of 2) 


•  Based	
  on	
  Requirements	
  Reviews.	
  
•  Mission	
  Need	
  Statement	
  approved	
  by	
  SC-­‐1	
  on	
  
August	
  24th	
  (NERSC-­‐9	
  in	
  budget).	
  

•  Energy	
  Systems	
  AcquisiBon	
  Advisory	
  Board	
  (ESAAB)	
  
meeBng	
  of	
  August	
  31st	
  resulted	
  in	
  ASCR	
  Director	
  
approving	
  CriBcal	
  Decision	
  0	
  (CD0)	
  on	
  August	
  31st	
  
(RFP	
  can	
  be	
  released	
  to	
  Vendors	
  for	
  comments).	
  

•  January	
  19-­‐20	
  Design	
  Review	
  of	
  	
  RFP	
  technical	
  
scope.	
  

•  March	
  8-­‐9	
  DOE	
  project	
  management	
  review.	
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NERSC-9 (2 of 2) 


•  April	
  ESAAB	
  for	
  ASCR	
  Director	
  approval	
  of	
  CD1/
CD3A	
  (to	
  release	
  RFP).	
  

•  FY17:	
  	
  Design	
  review	
  (contract	
  technical	
  scope),	
  
DOE	
  review	
  of	
  project	
  management,	
  ESAAB,	
  CD2/
CD3B	
  approval,	
  contract	
  award.	
  	
  

•  CY20:	
  	
  Delivery.	
  
•  January,	
  2021	
  ERCAP	
  producBon.	
  
•  25	
  Bmes	
  to	
  50	
  Bmes	
  Edison	
  sustained	
  performance.	
  
•  >	
  $90	
  million,	
  including	
  power,	
  cooling,	
  and	
  NERSC	
  
costs.	
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Move Schedule and Impact
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NERSC is Moving!


•  Currently	
  we	
  are	
  at	
  OSF	
  
(Oakland	
  ScienBfic	
  Facility)	
  in	
  
Oakland	
  downtown	
  for	
  10+	
  yrs.	
  

•  We	
  are	
  moving	
  to	
  the	
  LBNL	
  
main	
  site	
  in	
  Berkeley	
  hills	
  to	
  a	
  
new	
  building:	
  the	
  
ComputaBonal	
  Research	
  and	
  
Theory	
  (CRT)	
  building.	
  

•  Cori	
  Phase1	
  and	
  its	
  file	
  system	
  
delivered	
  to	
  CRT	
  in	
  August,	
  
under	
  configuraBon	
  now.	
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Key Strategies for the Move


•  Concurrent	
  operaBon	
  in	
  CRT	
  and	
  OSF	
  
•  Install	
  new	
  systems	
  at	
  CRT	
  
•  ReBre	
  old	
  systems	
  at	
  OSF	
  
•  Move	
  equipment	
  in	
  manageable	
  phases	
  
•  Minimize	
  downBme	
  and	
  reduce	
  impact	
  to	
  users	
  
•  Dedicated	
  400	
  Gb/s	
  inter-­‐site	
  network	
  to	
  allow	
  systems	
  

to	
  access	
  storage	
  at	
  either	
  site	
  
•  Cori	
  hours	
  to	
  make	
  up	
  for	
  Carver/Hopper	
  reBrement	
  

and	
  Edison	
  move	
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High Level Plans: Compute Systems

•  Carver/Hopper	
  reBre	
  at	
  OSF	
  

–  Sept	
  30	
  /	
  Dec	
  15,	
  2015	
  
•  Edison	
  move	
  to	
  CRT	
  

–  Dec	
  2015,	
  offline	
  for	
  ~6	
  weeks,	
  back	
  online	
  with	
  SLURM	
  batch	
  
scheduler.	
  

•  Cori	
  to	
  be	
  installed	
  at	
  CRT	
  
–  Phase	
  1	
  arrives	
  in	
  Sept	
  2015	
  
–  Phase	
  2	
  arrives	
  in	
  mid	
  2016	
  

•  Genepool/PDSF	
  
–  No	
  outage	
  
–  Some	
  old	
  hardware	
  reOre	
  at	
  OSF	
  
–  Some	
  current	
  hardware	
  move	
  to	
  CRT	
  
–  Some	
  new	
  hardware	
  to	
  be	
  acquired	
  at	
  CRT	
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High Level Plans: Storage Systems


•  Global	
  scratch	
  reBres	
  at	
  OSF	
  
–  Sept	
  30:	
  becomes	
  read	
  only;	
  	
  Oct	
  14:	
  reOres	
  

•  All	
  other	
  NERSC	
  global	
  file	
  systems	
  
–  move	
  to	
  CRT	
  in	
  phases	
  
–  Global	
  homes,	
  global	
  common,	
  project,	
  projectb,	
  dna,	
  seqfs	
  	
  

•  HPSS	
  (both	
  archive	
  and	
  system	
  backup)	
  	
  
–  Remain	
  at	
  OSF	
  unOl	
  other	
  moves	
  complete	
  
–  Accessed	
  via	
  400	
  Gb/s	
  network	
  link	
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Main Timeline

Event	
   Date	
  

Carver	
  reOres	
   Sept	
  30,	
  2015	
  

Jesup	
  test	
  bed	
  reOres	
   Sept	
  30,	
  2015	
  

Global	
  Scratch	
  read-­‐only	
  /	
  reOres	
   Sept	
  30,	
  2015	
  	
  /	
  Oct	
  14,	
  2015	
  

Cori	
  Phase	
  1	
  available	
  to	
  all	
  users	
   Nov	
  2015	
  (esOmate)	
  

Edison	
  offline	
  to	
  move	
  to	
  CRT	
  
Dec	
  2015	
  (esOmate	
  to	
  last	
  6	
  weeks),	
  back	
  
online	
  in	
  Jan	
  2016	
  with	
  SLURM	
  batch	
  
scheduler	
  

Hopper	
  reOres	
   Dec	
  15,	
  2015	
  (a`er	
  Cori	
  Phase	
  1	
  is	
  stable)	
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More Details


•  Dec	
  2015 	
  	
  
–  Global	
  homes	
  file	
  system	
  replicated	
  and	
  installed	
  at	
  CRT.	
  
Reduced	
  bandwidth.	
  No	
  outage.	
  

–  Global	
  project	
  file	
  systems	
  replicated	
  at	
  CRT.	
  Up	
  to	
  5	
  days	
  of	
  /
project	
  outage.	
  	
  

•  Feb	
  2016	
  
–  /global/projectb,	
  /global/dna,	
  /global/seqfs	
  replicated	
  at	
  CRT.	
  
Reduced	
  bandwidth.	
  Up	
  to	
  7	
  days	
  outage	
  of	
  these	
  JGI	
  file	
  
systems.	
  

–  Some	
  PDSF	
  file	
  systems	
  relocated	
  to	
  CRT.	
  	
  ~2	
  weeks	
  outage	
  of	
  
these	
  PDSF	
  file	
  systems.	
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More Details


•  Feb	
  2016	
  
–  A	
  cluster	
  (internal	
  name	
  “Mendel”)	
  providing	
  resources	
  to	
  PDSF,	
  
JGI,	
  	
  the	
  Materials	
  Project,	
  and	
  Babbage	
  will	
  move	
  to	
  CRT.	
  	
  	
  	
  

–  Total	
  amount	
  of	
  resources	
  for	
  PDSF	
  and	
  JGI	
  will	
  be	
  reduced.	
  	
  
Not	
  an	
  outage	
  since	
  new	
  hardware	
  already	
  in	
  place	
  at	
  CRT.	
  

–  Materials	
  Project:	
  ~	
  3	
  weeks	
  outage	
  
–  Babbage:	
  up	
  to	
  1	
  month	
  outage	
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Big Message to Users


•  Please	
  use	
  your	
  allocaBon	
  now	
  instead	
  of	
  end-­‐of-­‐year	
  
crunch.	
  	
  
–  During	
  Edison’s	
  move	
  to	
  CRT	
  (~6	
  weeks),	
  Cori	
  will	
  be	
  the	
  only	
  MPP	
  

system	
  available	
  to	
  users.	
  

•  During	
  the	
  move,	
  file	
  system	
  resources	
  will	
  be	
  spread	
  across	
  
OSF	
  and	
  CRT.	
  Available	
  I/O	
  bandwidth	
  to	
  global	
  file	
  systems	
  
will	
  be	
  impacted.	
  

•  Follow	
  up	
  with	
  updates	
  at:	
  	
  	
  	
  
–  hgps://www.nersc.gov/users/move-­‐to-­‐crt/	
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Carver and Global Scratch 
Retirement
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Carver Retirement

•  Solware	
  frozen	
  
•  No	
  new	
  user	
  accounts	
  
•  ReBres	
  on	
  Wed,	
  Sept	
  30,	
  2015	
  at	
  noon	
  

–  All	
  user	
  logins,	
  queued	
  and	
  running	
  jobs	
  will	
  be	
  deleted	
  	
  
•  Users	
  can	
  access	
  all	
  Carver	
  file	
  systems	
  mounted	
  on	
  

other	
  NERSC	
  systems	
  
–  NoOce	
  no	
  access	
  to	
  /global/scratch2	
  a`er	
  Oct	
  14.	
  

•  Please	
  migrate	
  to	
  Edison	
  now	
  
–  hgp://www.nersc.gov/users/computaOonal-­‐systems/carver/
reOrement-­‐plans/	
  

–  Some	
  differences	
  in	
  programming	
  and	
  running	
  jobs	
  between	
  
Carver	
  (tradiOonal	
  Linux	
  cluster)	
  and	
  Edison	
  (Cray	
  XC30).	
  

–  Contact	
  consult@nersc.gov	
  for	
  any	
  help	
  
	
  

-­‐	
  18	
  -­‐	
  



Global Scratch Retirement

•  /global/scratch2,	
  usually	
  referred	
  to	
  as	
  $GSCRATCH	
  
•  Becomes	
  read-­‐only	
  on	
  Wed,	
  Sept	
  30,	
  2015	
  	
  
•  ReBres	
  on	
  Wed,	
  Oct	
  14,	
  2015	
  
•  Is	
  the	
  only	
  scratch	
  file	
  system	
  for	
  Carver	
  and	
  Babbage.	
  
•  Also	
  mounted	
  on	
  most	
  other	
  NERSC	
  systems:	
  	
  

–  Edison,	
  Hopper,	
  PDSF,	
  Genepool,	
  DTN.	
  	
  	
  
–  Backup	
  your	
  important	
  files	
  and	
  start	
  to	
  use	
  other	
  files	
  systems	
  
on	
  these	
  machines.	
  

•  Is	
  NOT	
  the	
  local	
  Lustre	
  file	
  systems	
  on	
  Hopper	
  and	
  
Edison,	
  such	
  as	
  $SCRATCH	
  and	
  $SCRATCH2	
  on	
  Hopper.	
  	
  

•  Always	
  backup	
  important	
  files	
  to	
  HPSS	
  or	
  another	
  
permanent	
  file	
  storage.	
  

•  Contact	
  consult@nersc.gov	
  for	
  any	
  quesBons	
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Cori Phase 1 Update
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NERSC Users Group 

September 9th 2015




The Cori System

•  Cori	
  will	
  transiBon	
  HPC	
  and	
  data-­‐centric	
  

workloads	
  to	
  energy	
  efficient	
  architectures	
  
•  Cori	
  will	
  transiBon	
  HPC	
  and	
  data-­‐centric	
  

workloads	
  to	
  energy	
  efficient	
  architectures	
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System	
  named	
  a`er	
  Gerty	
  Cori,	
  
Biochemist	
  and	
  first	
  American	
  
woman	
  to	
  receive	
  the	
  Nobel	
  
prize	
  in	
  science.	
  

Image	
  source:	
  Wikipedia	
  

•  First	
  machine	
  in	
  new	
  
ComputaBonal	
  Research	
  
and	
  	
  Theory	
  (CRT)	
  
building	
  	
  



Cori Overview

•  Over	
  9,300	
  ‘Knights	
  Landing’	
  compute	
  nodes	
  
–  72	
  cores	
  per	
  node	
  	
  
–  High	
  bandwidth	
  on-­‐package	
  memory	
  
–  Coming	
  mid-­‐2016	
  	
  

•  Phase	
  1	
  (being	
  installed	
  now):	
  
–  Haswell	
  compute	
  nodes	
  
– Will	
  become	
  ‘data	
  parOOon’	
  

•  Lustre	
  File	
  system	
  (also	
  installing	
  now)	
  
–  Cray	
  Sonexion	
  2000	
  Lustre	
  appliance	
  
–  28	
  PB	
  capacity,	
  >700	
  GB/sec	
  peak	
  performance	
  
–  UlOmately	
  mounted	
  to	
  other	
  systems	
  

•  NVRAM	
  “Burst	
  Buffer”	
  for	
  I/O	
  acceleraBon	
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Cori Phase 1 Configuration 

•  1630	
  Compute	
  Nodes	
  (in	
  12	
  cabinets)	
  
– Two	
  Haswell	
  processors/node,	
  16	
  cores/processor,	
  2.3	
  GHz	
  
– 128	
  GB	
  DDR4	
  2133	
  Mhz	
  memory	
  	
  /	
  node	
  

•  Cray	
  Aries	
  high-­‐speed	
  “dragonfly”	
  topology	
  interconnect	
  
•  12+	
  login	
  nodes	
  for	
  advanced	
  workflows	
  and	
  analyBcs	
  
•  Outbound	
  internet	
  connecBon	
  for	
  e.g.	
  external	
  DBs	
  
•  ‘NaBve’	
  SLURM	
  batch	
  system	
  	
  

–  Queues	
  (in	
  addiOon	
  to	
  debug,	
  regular,	
  premium	
  and	
  low	
  priority):	
  	
  
•  ‘RealOme’	
  and	
  ‘Killable’:	
  real-­‐Ome	
  data	
  ingesOon/analysis	
  
•  ‘Throughput’	
  and	
  ‘Shared’	
  for	
  long-­‐running	
  and	
  lower	
  concurrency	
  data-­‐
intensive	
  workloads	
  	
  

•  Docker-­‐like	
  containers	
  (shiler):	
  custom	
  solware	
  (and	
  
performance)	
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Burst Buffer


	
  
●  ~1.5PB	
  capacity,	
  ~1TB/s	
  for	
  full	
  Cori	
  System	
  	
  
●  Half	
  with	
  Phase	
  1	
  -­‐	
  being	
  installed	
  over	
  the	
  coming	
  weeks	
  
●  Available	
  via	
  SLURM	
  batch	
  system	
  integraOon	
  with	
  Cray	
  

‘Data	
  Warp’	
  So`ware	
  	
  

hgps://www.nersc.gov/users/computaOonal-­‐systems/
cori/burst-­‐buffer/	
  
	
  

	
  

IO	
  improvements:	
  high	
  bandwidth	
  
reads	
  and	
  writes,	
  e.g.	
  
checkpoint/restart;	
  high	
  IOP/s	
  
(input-­‐output	
  operaOons	
  per	
  
second),	
  e.g.	
  non-­‐sequenOal	
  
table	
  lookup;	
  out-­‐of-­‐core	
  
applicaOons	
  

Workflow	
  performance	
  
improvements:	
  coupling	
  
applicaBons,	
  using	
  the	
  BB	
  as	
  
interim	
  storage;	
  	
  OpOmizing	
  
node	
  usage	
  by	
  changing	
  node	
  
concurrency	
  part	
  way	
  through	
  a	
  
workflow	
  (using	
  a	
  persistent	
  BB	
  
reservaOon)	
  

Analysis	
  and	
  VisualizaBon:	
  In-­‐
situ	
  /	
  in-­‐transit;	
  InteracBve	
  
(using	
  a	
  persistent	
  BB	
  
reservaOon)	
  



Coming soon!


•  Limited	
  user	
  access	
  
from	
  late-­‐October	
  
alongside	
  machine	
  
acceptance	
  

•  Target	
  Cori	
  Phase	
  1	
  
into	
  producBon	
  mid-­‐
Dec	
  before	
  Hopper	
  
reBrement	
  

	
  

Full	
  configuraOon,	
  User	
  guides	
  (including	
  SLURM	
  transiOon)	
  etc.	
  
will	
  appear	
  at	
  :	
  	
  
•  hgps://www.nersc.gov/users/computaOonal-­‐systems/cori/	
  



Edison Updates 
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Zhengji	
  Zhao	
  
NERSC	
  User	
  Services	
  



Edison Updates


•  Maintenance	
  05/20/15	
  
–  Upgrade	
  to	
  CLE	
  5.2	
  UP03	
  
–  Edison	
  CDT	
  15.05	
  was	
  set	
  to	
  default	
  

•  Maintenance	
  07/29/15	
  
– Mount	
  /global/common	
  read-­‐only	
  on	
  mom	
  &	
  compute	
  
nodes	
  with	
  cache	
  agributes	
  

–  Agempt	
  to	
  Expand	
  RSIP	
  ports	
  was	
  not	
  successful	
  
–  Clear	
  changelogs	
  	
  
–  Change	
  cipher	
  list	
  for	
  sshd	
  	
  

•  Ciphers	
  aes128-­‐ctr,aes192-­‐ctr,aes256-­‐ctr	
  
	
  



Edison updates


•  Maintenance	
  on	
  9/2/15	
  
–  changelog	
  processing	
  on	
  /scratch1	
  
–  Bring	
  up	
  two	
  cabinets	
  down	
  compute	
  nodes.	
  	
  

•  Dedicated	
  tests	
  
–  5/27	
  NaOve	
  SLURM	
  tesOng	
  
–  6/22	
  Cray’s	
  IMB	
  tesOng	
  	
  

•  Power	
  outage	
  8/12	
  3:30pm-­‐8/13	
  2:20pm	
  
–  Thanks	
  for	
  your	
  paOence	
  	
  

•  In	
  degraded	
  mode	
  
–  A	
  few	
  Omes	
  due	
  to	
  batch	
  system	
  issues,	
  HSN,	
  etc.	
  

	
  
	
  



Edison Updates


•  Edison	
  batch	
  system	
  will	
  be	
  SLURM	
  upon	
  moving	
  up	
  
to	
  CRT	
  	
  
– We	
  will	
  provide	
  user	
  training	
  
–  If	
  you	
  have	
  a	
  complicated	
  workflow	
  heavily	
  depending	
  on	
  
the	
  batch	
  system,	
  please	
  apply	
  the	
  access	
  to	
  the	
  Edison	
  
testbed,	
  Alva,	
  by	
  sending	
  email	
  to	
  consult@nersc.gov	
  

•  Two	
  follow-­‐ups	
  (next	
  two	
  slides):	
  
–  /usr/common	
  read-­‐only	
  
–  IMB	
  sexng	
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/usr/common read-only (7/29/15) improved 
the startup time of python applications




The run time variation vs the IMB setting for 
Aries (5/8/2015)- no observable difference
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NESAP at The Dungeon Session

•  Three	
  Dungeon	
  Sessions	
  Completed.	
  Fourth	
  planned	
  for	
  early	
  October.	
  
•  Codes	
  taken	
  so	
  far:	
  	
  

–  EMGEO,	
  Boxlib,	
  Castro,	
  BerkeleyGW,	
  NWChem,	
  XGC1,	
  MFDN,	
  CESM	
  
•  Dungeon	
  session	
  preparaBon	
  worksheet	
  now	
  online:	
  

–  hgp://www.nersc.gov/users/computaOonal-­‐systems/cori/preparing-­‐for-­‐cori/gexng-­‐
started-­‐and-­‐opOmizaOon-­‐strategy/#toc-­‐anchor-­‐5	
  

–  hgp://www.nersc.gov/users/computaOonal-­‐systems/cori/preparing-­‐for-­‐cori/dungeon-­‐
session-­‐worksheet/	
  

	
  
•  Example	
  -­‐	
  EMGEO	
  complex*16	
  ELLPACK	
  SpMV.	
  EvaluaBng,	
  prefetching,	
  pipelining,	
  
explicit	
  SIMD-­‐izaBon	
  with	
  7	
  Variants.	
  

	
  
	
  



Testing Sensitivity to HBM


Can	
  experiment	
  with	
  jemalloc/memkind	
  and	
  direcOves	
  now	
  on	
  Edison!	
  
	
  

real,	
  allocatable	
  ::	
  a(:,:),	
  b(:,:),	
  c(:)	
  

!DIR$	
  ATTRIBUTE	
  FASTMEM	
  ::	
  a,	
  b,	
  c	
  

	
  

%	
  module	
  load	
  memkind	
  jemalloc	
  

%	
  ftn	
  -­‐dynamic	
  -­‐g	
  -­‐O3	
  -­‐openmp	
  mycode.f90	
  

	
  

%	
  export	
  MEMKIND_HBW_NODES=0	
  

%	
  aprun	
  -­‐n	
  1	
  -­‐cc	
  numa_node	
  numactl	
  -­‐-­‐membind=1	
  -­‐-­‐cpunodebind=0	
  ./a.out	
  	
  

	
  

	
  



Testing Sensitivity to HBM


Can	
  experiment	
  with	
  jemalloc/memkind	
  and	
  direcOves	
  now	
  on	
  Edison!	
  
	
  

real,	
  allocatable	
  ::	
  a(:,:),	
  b(:,:),	
  c(:)	
  

!DIR$	
  ATTRIBUTE	
  FASTMEM	
  ::	
  a,	
  b,	
  c	
  

	
  

%	
  module	
  load	
  memkind	
  jemalloc	
  

%	
  ftn	
  -­‐dynamic	
  -­‐g	
  -­‐O3	
  -­‐openmp	
  mycode.f90	
  

	
  

%	
  export	
  MEMKIND_HBW_NODES=0	
  

%	
  aprun	
  -­‐n	
  1	
  -­‐cc	
  numa_node	
  numactl	
  -­‐-­‐membind=1	
  -­‐-­‐cpunodebind=0	
  ./a.out	
  	
  

	
  

	
  

BGW	
  Results:	
  
• All	
  memory	
  on	
  Near	
  Memory:	
  25.0	
  s	
  
• All	
  memory	
  on	
  Far	
  Memory:	
  52.5	
  s	
  
• Only	
  3	
  Arrays	
  on	
  Near	
  Memory:	
  24.8	
  s	
  



Join Us At IXPUG


	
  
	
  
	
  

NESAP	
  Session	
  Thursday	
  October	
  1	
  at	
  3PM!	
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IXPUG 2015 Meeting Sep. 28-Oct. 1


•  Intel	
  Xeon	
  Phi	
  Users	
  Group	
  2015	
  MeeBng	
  
–  IXPUG	
  is	
  dedicated	
  to	
  helping	
  applicaOon	
  programmers	
  
achieve	
  top	
  performance	
  on	
  Intel	
  Xeon	
  Phi-­‐based	
  systems,	
  
like	
  Cori	
  

•  Hosted	
  by	
  NERSC	
  in	
  new	
  CRT	
  building	
  
•  MeeBng	
  almost	
  full	
  at	
  ~100	
  
•  More	
  info	
  and	
  registraBon	
  at	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  hxp://ixpug.org/	
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LETTER
doi:10.1038/nature14876

Broad plumes rooted at the base of the Earth’s mantle
beneath major hotspots
Scott W. French1{ & Barbara Romanowicz1,2,3

Plumes of hot upwelling rock rooted in the deep mantle have been
proposed as a possible origin of hotspot volcanoes, but this idea is
the subject of vigorous debate1,2. On the basis of geodynamic com-
putations, plumes of purely thermal origin should comprise thin
tails, only several hundred kilometres wide3, and be difficult to
detect using standard seismic tomography techniques. Here we
describe the use of a whole-mantle seismic imaging technique—
combining accurate wavefield computations with information con-
tained in whole seismic waveforms4—that reveals the presence of
broad (not thin), quasi-vertical conduits beneath many prominent
hotspots. These conduits extend from the core–mantle boundary to
about 1,000 kilometres below Earth’s surface, where some are
deflected horizontally, as though entrained into more vigorous
upper-mantle circulation. At the base of the mantle, these conduits
are rooted in patches of greatly reduced shear velocity that, in the
case of Hawaii, Iceland and Samoa, correspond to the locations of
known large ultralow-velocity zones5–7. This correspondence clearly
establishes a continuous connection between such zones and mantle
plumes. We also show that the imaged conduits are robustly
broader than classical thermal plume tails, suggesting that they
are long-lived8, and may have a thermochemical origin9–11. Their
vertical orientation suggests very sluggish background circulation
below depths of 1,000 kilometres. Our results should provide con-
straints on studies of viscosity layering of Earth’s mantle and guide
further research into thermochemical convection.

More than 40 years ago, Morgan1 proposed that hotspot volcanoes
are the surface expression of narrow plumes of hot material that ori-
ginate in a boundary layer in the deep mantle, as one would expect of a
convecting fluid that is heated from below3. Whether deep mantle
plumes exist, and how deep their roots are, has been the subject of
lively debate, which continues to this day. The idea that hotspots may
be anchored at the core–mantle boundary (CMB) is supported by
several observations: the relative fixity of hotspots with respect to
global mantle circulation1; the correlation of hotspot locations with
the large low shear velocity provinces (LLSVPs) at the base of the
mantle12; and a suggestion from geodynamic modelling13 that hotspots
might preferentially occur above ultralow velocity zones (ULVZs). A
radically different origin for hotspots has also been proposed, in which
these features are the consequence of melting owing to shallow con-
vective processes, with their morphologies controlled by stresses and
cracks within the lithosphere2.

In the classical view3, a mantle plume is composed of a large head
and a thin tail, which connects it to a root deeper in the mantle. If such
plumes were to originate at the base of the mantle, we would expect the
lower mantle to contain narrow (less than 200 km in diameter, accord-
ing to relevant scaling relations14), continuous, vertically oriented col-
umns of hotter-than-average (and therefore of low seismic velocity)
material, located in the vicinity of presently active hotspots.

In the deep mantle, short-wavelength, low-velocity anomalies are
difficult to image with standard seismic tomographic techniques, which
typically rely on travel times of body waves (seismic waves that travel

through the interior of Earth); such anomalies can be hidden from view
by wavefront healing effects15. Also, most hotspot volcanoes, and poten-
tially any associated plumes, are located in the middle of oceans, where
they are difficult to image owing to the lack both of dense seismic net-
works and of earthquakes with the appropriate geometry.

Thus, while various tomographic studies have hinted at the pres-
ence of plume-like features in the lower mantle associated with some
subset of the major hotspots16–18, ambiguity remains as to the vertical
continuity of these features, how distinct they are from other low-
velocity ‘blobs’ in the lower mantle, and whether they represent detec-
tion of the narrow type of plumes typically associated with purely
thermal convection19. To improve the resolution of low-velocity fea-
tures of limited lateral extent such as plumes, two ingredients are
needed: first, better illumination of Earth’s interior; and second,
improved theoretical description of the interaction of the seismic
wavefield with the three-dimensional Earth structure.

Here we present robust evidence for large, vertically continuous,
low-velocity columns in the lower mantle beneath many prominent
hotspots, from our recent global, radially anisotropic, whole-mantle
shear-wave velocity model, SEMUCB-WM1 (ref. 4). This model was
constructed by inversion of a large data set of full, long-period seismo-
grams, including first- and second-orbit fundamental mode and over-
tone surface waves down to 60 s, as well as body waveforms down to
32 s. Because it includes surface-wave overtones, shear waves diffracted
along the core-mantle boundary (Sdiff) and multiply-reflected waves
between the surface and the CMB, this data set provides considerably
better illumination of the whole-mantle volume than can be obtained
with a standard set of travel times alone. In addition, accurate numer-
ical computation of the forward wavefield using the spectral element
method20 at each iteration of the model construction allows us to better
resolve regions of lower-than-average shear-wave velocity, as prev-
iously illustrated for the upper mantle21. The construction of this
model is briefly summarized in the Methods.

In model SEMUCB-WM1 (ref. 4), broad, dome-like plumes that
show a reduction of shear-wave velocity by more than 1.5%–2% are
present in the lower mantle beneath Samoa, Hawaii and the Pacific
Superswell volcanoes. These plumes are clearly distinct from other,
more isolated and weaker low-velocity features that appear in cross-
sections spanning half of Earth’s circumference (Fig. 1). The plumes
are rooted in patches of more strongly reduced shear-wave velocity
near the CMB, and extend vertically up to depths of at least 1,000 km,
above which their character changes. A three-dimensional view of the
central Pacific region (Fig. 2) shows that the cores of these plumes are
well separated from each other across most of the lower mantle,
embedded in the lower-than-average-velocity background of the
Pacific LLSVP. This is particularly clear in the depth range 1,000 km
to 1,500 km, where there is a one-to-one relationship with the corres-
ponding hotspot volcanoes, although the plumes are not always
located exactly beneath the volcanoes. Comparison with previous glo-
bal models (Extended Data Fig. 1) indicates general agreement on the
background long-wavelength features, while in SEMUCB-WM1 the

1Department of Earth and Planetary Science, Berkeley Seismological Laboratory, University of California at Berkeley, California 94720, USA. 2Institut de Physique du Globe, Paris 75238, France. 3Collège de
France, Paris 75005, France. {Present address: National Energy Research Scientific Computing Center, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA.
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plumes stand out as continuous features confined to well defined
vertically oriented columns.

In particular, the Hawaiian plume appears as a separate vertical
conduit of varying width (Fig. 2a–c), with a weaker zone at around
500 km above the CMB, rooted in its own patch of strongly reduced
shear velocity at the base of the mantle. In the transition zone, this
plume appears to be strongly deflected towards the west–southwest
(Fig. 3). This morphology is compatible with evidence for a hot upper
mantle to the west of Hawaii, based on the analysis of converted waves
(that is, receiver functions)22. The presence of bodies with higher-than-
average velocity southwest and northeast of the Hawaiian chain is in
agreement with regional studies23,24. However, in the lower mantle, the
associated conduit is more vertically oriented in SEMUCB-WM1.
Similar broad, vertically oriented low-velocity conduits are found in
the vicinity of some hotspots lying on the border of the African LLSVP
(Figs 1e, f and 3d, e and Extended Data Fig. 2).

The lower-mantle plume conduits described above are rooted in
wide patches (of diameter 500–800 km) of strongly negative velocity
reduction near the CMB. In at least three cases, these patches coincide
in location with large ULVZs previously detected in the vicinity of the
corresponding hotspots: near Hawaii (detected through observations
of post-cursors to diffracted S waves5), and beneath Iceland6 and
Samoa7 (found through the study of waveform distortion in the phase
SPdiffKS).

Because of the computational challenges of whole-mantle imaging
using full waveforms and numerical simulations, the resolution of our
model is limited by our choice of parametrization and maximum
frequency. However, resolution tests (Methods; Extended Data Figs
4–8) clearly indicate that our approach can resolve the vertical con-
tinuity of plumes without ray-like smearing or erroneous deflection,
and that the variations of the shape and amplitude of the plumes with
depth are likely to be robust features. These tests also indicate (see
Supplementary Information section S1 and Supplementary Figs 1
and 2) that our modelling approach can distinguish between hypo-
thetical broad superplume-like features and the distinct vertical con-
duits that are shown in Fig. 1. Numerical experiments (Supplementary
Information section S2 and Supplementary Figs 5–9) demonstrate that
plumes of the same scale as are seen in Fig. 1 and used in our tests
should be readily detectable in the waveform data used by our inver-
sion. Furthermore, on the basis of relative amplitude recovery alone,
our resolution tests also show that in order to obtain a velocity reduc-
tion of 2% or more over the major part of the lower mantle—as seen in
our model—a narrow plume would have to be very strong (that is,
.10% reduction in shear-wave velocity for a plume of width ,200 km;
see Methods and Extended Data Fig. 4). Such a strong velocity contrast
would translate into unrealistically high25 effective temperature
excesses of 1,500–2,000 uC. In contrast, for a 2% velocity anomaly over
a width of 800–1,000 km, as imaged in SEMUCB-WM1 under Hawaii
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Figure 1 | Whole-mantle depth cross-sections of relative shear-velocity
variations in model SEMUCB-WM14, in the vicinity of major hotspots. The
sections are shown in the inset maps, with the direction of the projection
indicated by the position of the purple dot in both map and cross-section views
(black boxes correspond to the three-dimensional rendering regions in Fig. 2).
Green dots and triangles mark the locations of hotspots27. The reference
model is the corresponding global one-dimensional average shear-wave
velocity (Vs) profile of SEMUCB-WM1. The colour scale has been chosen to
emphasize lower-mantle structures, resulting in substantial saturation in
the upper mantle. Broken lines indicate depths of 410 km, 660 km and
1,000 km. Focused, quasi-vertical, broad plumes extend continuously from

patches of strongly reduced Vs at the base of the mantle to depths of at least
1,000 km in the vicinity of: a, Samoa; b, Tahiti, the Marquesas, the Galapagos
and Samoa; c, Pitcairn; d, MacDonald; e, Cape Verde; and f, the Canary Islands.
These plumes stand out from other low-velocity features in these cross-
sections, which span nearly half of Earth. d, Note the absence of a noticeable
anomaly in the lower mantle immediately beneath the Yellowstone hotspot.
However, a faint low-velocity conduit appears to the southwest (offshore of
North America), anchored by a low-velocity patch in the D0 mantle region. It is
beyond the resolution of our study to verify whether this feature is related to the
Yellowstone or the Guadalupe (c) hotspot.
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•  First-­‐ever	
  whole-­‐mantle	
  
seismic	
  model	
  based	
  on	
  
numerical	
  simulaBons	
  

•  Detects	
  clear	
  “plume”	
  
conduits	
  rising	
  from	
  the	
  
earth’s	
  deep	
  mantle	
  
–  Long	
  thought	
  to	
  play	
  a	
  key	
  

role	
  in	
  hotspot	
  volcanism	
  
•  New	
  details	
  of	
  plume	
  

morphology	
  constrain	
  
formaBon,	
  composiBon	
  

•  Provide	
  insights	
  into	
  the	
  
earth’s	
  heat-­‐flux	
  budget,	
  
mantle	
  circulaBon	
  

Hot	
   Cold	
  



Computational aspects of our work


•  All	
  computaBons	
  were	
  performed	
  
on	
  NERSC	
  resources	
  

•  Roughly	
  3M	
  MPP	
  hours	
  
•  Used	
  both	
  Hopper	
  and	
  Edison	
  

–  Hopper:	
  Ensembles	
  of	
  spectral	
  finite	
  
element	
  simulaOons	
  (wave	
  propagaOon	
  
through	
  the	
  whole	
  earth)	
  

–  Edison:	
  Data	
  assimilaOon	
  and	
  seismic	
  
model	
  opOmizaOon	
  

•  Novel	
  programming	
  tools	
  
–  Our	
  data	
  assimilaOon	
  app	
  was	
  one	
  of	
  the	
  

first	
  to	
  adopt	
  UPC++1	
  in	
  producOon	
  
(distributed	
  data	
  structures	
  supporOng	
  
fast	
  one-­‐sided	
  access	
  /	
  updates)	
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  hgps://bitbucket.org/upcxx/upcxx	
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Science Engagements


•  To	
  further	
  enhance	
  our	
  support	
  for	
  science	
  
communiBes,	
  NERSC	
  has	
  idenBfied	
  science	
  liaisons	
  
–  General	
  POC	
  for	
  science	
  communiOes	
  
–  Help	
  NERSC	
  understand	
  science	
  communiOes’	
  needs	
  
–  Engagements	
  through	
  workshops,	
  conferences,	
  other	
  
science	
  community	
  events	
  

–  Communicate	
  science	
  results	
  within	
  NERSC,	
  DOE,	
  scienOfic	
  
communiOes,	
  general	
  public	
  

–  Consult	
  on	
  DDR	
  allocaOons	
  decisions	
  
–  Advocate	
  for	
  science	
  community	
  needs	
  within	
  NERSC	
  &	
  
DOE	
  

–  Interface	
  with	
  DOE	
  program	
  managers	
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Richard	
  Gerber	
  
Senior	
  Science	
  Advisor	
  
Ph.D.,	
  Physics	
  
Astrophysics,	
  
HEP	
  Theory,	
  Nuclear	
  
Physics	
  
RAGerber@lbl.gov	
  
	
  

Alice	
  Koniges	
  
Ph.D.,	
  Math	
  Astro	
  
Accelerator	
  
Physics,	
  Fusion	
  
AEKoniges@lbl.gov	
  

Kjiersten	
  Fagnan	
  
Ph.D.,	
  Applied	
  Math	
  
Biosciences,	
  Applied	
  
Math	
  
KMFagnan@lbl.gov	
  

Brian	
  Friesen	
  
Ph.D.,	
  Astrophysics	
  
Astrophysics	
  
BFriesen@lbl.gov	
  

Debbie	
  Bard	
  
Ph.D.,	
  Elementary	
  
ParOcle	
  Physics	
  
Cosmology,	
  HEP/
NP	
  Experiment	
  
DJBard@lbl.gov	
  

David	
  Skinner	
  
Ph.D.,	
  Chemistry	
  
Light	
  Sources	
  
DESkinner@lbl.gov	
  



Science Liaisons
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Brian	
  AusBn	
  
Ph.D.,	
  Chemistry	
  
Chemistry	
  
BAusOn@lbl.gov	
  
	
  

Prabhat	
  
Ph.D.	
  candidate,	
  
Climate	
  
Climate	
  
Prabhat@lbl.gov	
  

Helen	
  He	
  
Ph.D.,	
  Marine	
  
Studies	
  
Climate	
  
YHe@lbl.gov	
  

Scox	
  French	
  
Ph.D.,	
  Geophysics	
  
Geophysics,	
  
Computer	
  Science	
  
SWFrench@lbl.gov	
  

Ankit	
  Bhagatwala	
  
Ph.D.,	
  AeronauOcs	
  
&	
  AstronauOcs	
  
CombusBon	
  
ABhagatwala@lbl.
gov	
  

Lisa	
  Gerhardt	
  
Ph.D.,	
  Physics	
  
HEP/NP	
  
Experiment	
  
LGerhardt@lbl.gov	
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Taylor	
  Barnes	
  
Ph.D.,	
  Chemistry	
  
Chemistry	
  
TBarnes@lbl.gov	
  

Jack	
  Deslippe	
  
Ph.D.,	
  Material	
  
Science	
  
Material	
  Science	
  
JRDeslippe@lbl.gov	
  

Zhengji	
  Zhao	
  
Ph.D.,	
  Material	
  
Science	
  
Material	
  Science	
  
ZZhao@lbl.gov	
  

Rebecca	
  Hartman-­‐Baker	
  
Ph.D.,	
  Computer	
  Science	
  
Computer	
  Science,	
  
Nuclear	
  Physics	
  
ZZhao@lbl.gov	
  

Andrey	
  Ovsyannikov	
  
Ph.D.,	
  Fluid	
  Mechanics	
  
Computer	
  Science	
  
aovsyannikov@lbl.gov	
  



NERSC is Hiring!


•  hgp://cs.lbl.gov/careers/careers-­‐and-­‐fellowships/	
  
•  ApplicaOon	
  readiness/HPC	
  consultants	
  
•  High	
  Energy	
  Physics/Nuclear	
  Physics	
  consultant	
  
•  NESAP	
  Postdocs	
  
•  Network	
  Engineer	
  
•  Data	
  AnalyOcs	
  
•  Security	
  Analyst	
  
•  Computer	
  Systems	
  Engineer	
  

•  NERSC	
  Users	
  Make	
  Great	
  NERSC	
  Staff!	
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How to Submit a 2016 ERCAP Request


Clayton	
  Bagwell	
  
NERSC	
  Account	
  &	
  AllocaBon	
  Support	
  

NERSC	
  User	
  Services	
  Group	
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NERSC	
  Users	
  Group	
  Teleconference/Webinar	
  
September	
  10,	
  2015	
  



View the online video at:


hxps://www.nersc.gov/users/training/video-­‐tutorials/
how-­‐to-­‐submit-­‐a-­‐2016-­‐ercap-­‐allocaBons-­‐request/	
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“Energy	
  Research	
  
CompuBng	
  AllocaBons	
  

Process”	
  



hxp://www.nersc.gov/users/
accounts/allocaBons/deadlines	
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ERCAP	
  ApplicaBon	
  Deadlines	
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hxps://www.nersc.gov/users/
accounts/allocaBons/overview/	
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Who	
  can	
  apply?	
  Anyone	
  who’s	
  
work	
  supports	
  the	
  DOE	
  Office	
  of	
  

Science	
  Missions	
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hxp://www.nersc.gov/users/accounts/
allocaBons/first-­‐allocaBon	
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Applying	
  for	
  your	
  first	
  
allocaBon:	
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hxp://www.nersc.gov/live-­‐status/now-­‐compuBng/	
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How	
  project	
  images	
  are	
  used:	
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The	
  Hopper	
  MPP	
  hour	
  will	
  remain	
  the	
  standard	
  
compuBng	
  reference	
  hour.	
  
	
  
Edison	
  will	
  maintain	
  a	
  2x	
  charge	
  factor,	
  so	
  esBmate	
  
your	
  needs	
  taking	
  this	
  into	
  consideraBon.	
  
	
  
When	
  Cori	
  Phase	
  2	
  arrives	
  and	
  is	
  available,	
  we	
  will	
  do	
  
a	
  renormalizaBon	
  for	
  AY	
  2017	
  (rather	
  than	
  doing	
  the	
  
renormalizaBon	
  two	
  years	
  in	
  a	
  row).	
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hxp://www.nersc.gov/users/accounts/allocaBons/
deadlines	
  	
  

hxp://www.nersc.gov/users/accounts/allocaBons/
overview/	
  	
  

hxp://www.nersc.gov/users/accounts/allocaBons/
first-­‐allocaBon	
  	
  

hxps://nim.nersc.gov	
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Helpful	
  URLs	
  



Contact	
  InformaBon:	
  
	
  
Accounts	
  &	
  AllocaBons:	
  
	
  accounts@nersc.gov	
  
	
  allocaBons@nersc.gov	
  

	
  
Phone:	
  
	
  510-­‐486-­‐8612	
  or	
  
	
  1-­‐800-­‐66-­‐NERSC	
  opt	
  2	
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QuesBons?	
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National Energy Research Scientific Computing Center
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